[1] In recent years, the population and the value of properties in areas prone to tropical cyclone (TC) have increased dramatically. This has caused more attention to be placed on the characterization of TC climatologies and the identification of the role that factors such as the main teleconnection patterns may play in TC variability. Due to the timescales involved, the instrumental records have proven too short to provide a complete picture. Thus, documentary and other paleoclimatological techniques have been used to reconstruct TC occurrence. This has been done mostly for the Atlantic basin, whereas in the Pacific basin, fewer attempts have been made. The aim of this paper is to provide a high-resolution chronology of typhoons and intense storms occurring in the Philippine Islands and their vicinity for the period 1566-1900. The chronology is based upon the writings of the Spanish Jesuit Miguel Selga, who produced the original work at the beginning of the 20th century. The sources, reliability, and completeness of the chronology are examined critically. A total of 652 events are included, 524 of which are reported as typhoons, the rest being considered as tropical storms. For each of these classes, the landfall location and the track (when sufficient information is available) have been drawn. This chronology is an indispensable step toward a final and complete typhoon record in the western Pacific basin.
Introduction
[2] In recent years, social interest in tropical cyclones (TCs) has grown steadily. This has been due to a number of factors, above all changes that have occurred in areas prone to TCs. Greater urbanization has lead to increasing populations and dramatically rising value of properties [Díaz and Pulwarty, 1997] , especially concentrated in the Gulf of Mexico and western Pacific areas.
[3] This social awareness has been accompanied by an increase in scientific interest due to the evidence that largescale oscillations, such as El Niño-Southern Oscillation [ENSO; Díaz and Markgraff, 2000] , Quasibiennial Oscillation [QBO; Baldwin et al., 2001] , North Atlantic Oscillation [NAO; Hurrell, 1995] , or the Madden-Julian Oscillation [MJO; Madden and Julian, 1994] , may play a fundamental role in TC occurrence. However, the impact of ENSO is not uniform in the different tropical basins; a warm ENSO episode can lead to increased TC frequency, as in the South Pacific and in the North Pacific between 140°W and 160°E, whereas in the North Atlantic, the Australian region, and the northwest Pacific west of 160°E, ENSO is associated with lower TC frequencies [Landsea, 2000] . An east phase QBO seems to reduce the TC activity in the Atlantic basin, but the mechanism is not completely clear [Gray, 1984] . The NAO does not seem to impact the frequency but the trajectories of the Atlantic hurricanes [Elsner et al., 2000] . The role of the MJO seems to be relevant in the Pacific basin, with an active MJO phase associated with more frequent TC [Sobel and Maloney, 2000] . Additionally, TCs exhibit great variability, with significant millennial, multidecadal, and interannual scales [Liu and Fearn, 2000a; Landsea et al., 1996; Elsner and Bossak, 2001 ].
[4] There is a relatively short record of hurricane incidence when compared with the timescales involved. There has been, in recent years, a growing interest in reconstructing the behavior of storms and hurricanes for preinstrumental and even prehistorical times to the point that a new discipline, called paleotempestology, is growing.
[5] Previous works have tried to reconstruct hurricanes in the past, mostly from documentary sources. In the Atlantic basin the first records come from the earliest years of the Spanish Colonies. There seems to be little doubt that Christopher Columbus experienced at least two hurricanes, one in 1495 and the other in 1502 [Millas, 1968] . The Spanish were quickly aware of the impact of hurricanes in the Caribbean area and promptly adopted the term ''hur-acán'' from the Carib language to describe the phenomenon. In the 16th century, for example, Fernandez de Oviedo wrote: ''Huracán, in the language of this island (The Island is Hispaniola, currently Haiti/Dominican Republic.), is precisely defined as a very excessive storm or tempest but being in reality nothing more than a very great wind with heavy and intense rainfall'' (AGI Indif. Gral. 108-BIB. L.A. Siglo XVI-7 (References to manuscript sources in the Archivo General de Indias or other archives are denoted by the initials of the archive, such as AGI, followed by the name of the section of the archive where the manuscript is located and the signature identifying the ''legajo,'' or bundle, to which the manuscript belongs. See Appendix A for details about the main archives in Spain.)). Since then, countless documents have been produced containing information on hurricanes in the Atlantic basin. The studies by Poey [1862], Tannehill [1940] , Ludlum [1963] , Dunn and Miller [1964] , Millas [1968] , Salivia [1950] , Neumann et al. [1993] , Rappaport and Fernández-Partagas [1997] , Ferná ndez-Partagas and Díaz [1996] , and Chenoweth [2006] provide a comprehensive view of the information that can be obtained from such sources.
[6] In other ocean basins, less work has been done. However, Chinese documentary sources can provide the longest historical records of TCs, as has been shown by Chan and Shi [2000] and Liu et al. [2001] . Using these sources, they have been able to construct a 1000-year, high-resolution typhoon chronology for the province of Guandong. German historical records have also been used to reconstruct tropical cyclones in the Marshall Islands [Spennemann and Marschner, 1994] , but they only traced back up to 1840.
[7] Other techniques have also been applied to reconstruct TCs, such as the use of sedimentary records Fearn, 1993, 2000b; Donnelly et al., 2001] or dendrochronology [Doyle and Gorham, 1996] . These have coarser resolution than the historical sources, but may provide records as far as 5000 years B.P.
[8] This paper analyzes the 1566-1900 period of the typhoon chronology of the Philippines published in 1935 by the Spanish Jesuit Miguel Selga [1935] . The next section provides a brief account of the meteorological work of Selga and the Jesuits in the Philippines. Then, the sources are discussed, and the chronology is described. The paper ends with a discussion.
Miguel Selga
[9] Miguel Selga (1879 Selga ( -1956 ) was a Spanish Jesuit who had studied astronomy at Harvard University and became the last Spanish director of the Manila Observatory during the period 1926 -1946 [Udías, 2003] . The Jesuits had settled in the Philippines during the last decades of the 16th century and played a very active role as missionaries. This was accompanied by a high interest in the natural history of the islands. The intense tropical storms soon attracted their interest due to the damages that impacted their lives and properties. Thus, as early as in 1668, the Jesuit Fr. F. I. Alzina wrote, after more than 30 years of experience in the islands, the Natural History of the Visayas Islands (AMN (AMN stands for Archivo del Museo Naval.) Ms478). There he provides a vivid description of more than six pages of ''baguíos'' (the native word for typhoons).
. . .The indians of this area call this type of hurricane Baguio, which in other parts and in the East Indies are called typhoons. And all this means a very strong tempest. These used to be in these islands so numerous and so strong that neither Virgil in his Eneid, nor Ovid in his Ponto, nor any other poet that I have read comes close by one thousand miles to describing their rigors or their strength. We see them very often and we suffer so much, that even after experiencing them it seems impossible to believe. To put it briefly, when one of these baguíos runs (usually one or two every year), neither the trees are safe in the midst of the mountains, nor the animals in the caves, nor the men in their houses, nor the beasts in their middens, nor even the worms in their dens. . .
The complete text provides a detailed description not only of the impacts of the storms but also of the type of winds associated with them.
[10] This interest in meteorology, and the absence of other scientific institutions, made the Jesuits the pioneer meteorologists in the Philippines and other places of the Far East and Latin America [Udías, 1996] . This work continued until 1773, when the Jesuit order was suppressed, but was resumed in 1814 when it was restored. In fact, the Jesuits founded the Manila Observatory in 1865, and by 1900, they had developed a network of 72 secondary meteorological stations, which grew continuously until World War II, when the Manila Observatory was destroyed. In 1946, when the Philippine Weather Bureau was established, the Jesuit observatory ceased its meteorological activity [Udías, 2003] . The location of different Jesuit observatories in tropical areas (Manila, Havana, and Shanghai) mainly made it possible for different members of the order, such as B. Viñes, J. Algué, and C.E. Deppermann, to produce some of the first and most interesting studies of tropical storms [Udías, 1996] . The chronology presented in this paper is part of this tradition of rigorous scientific work carried out by the Jesuits.
Sources of the Chronology
[11] It is interesting to analyze the sources used by Selga when constructing his chronology. Unfortunately, he does not cite them in an identifiable way; rather, he writes [Selga, 1935, p. 3]: Although the catalogue of historical typhoons represents many hours of painstaking search in libraries and reading of books in various languages, no claim is made that the catalogue is complete or altogether free from inaccuracies; additions and corrections will be welcome.
[12] However, in 90 of the records, a source is explicitly cited. Those have been included in Table 1 . It can be seen that in 59 cases, a primary source is cited, whereas in the rest, a secondary one has been used. When the nature of the documents is considered, it can be seen that 32 of them are related to ship incidents, mostly letters of the governors referring to the Manila Galleon, the main link between the Philippines and Mexico, which had an enormous importance to the life of the colony [Schutz, 1939] . Another 20 references come from church documents, mostly Jesuits letters. The rest is a miscellany of administrative documents.
[13] The most frequently used secondary sources are the Piddington maps and the History of the Philippines by Rev.
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GARCÍA-HERRERA ET AL.: NORTHWEST PACIFIC TYPHOONS, 1566 -1900 [14] An assessment of the accuracy of the reports is not easy to make. However, we have some proof that they were written with special care. In a previous work [García et al., 2001] , original records of the Manila Galleon kept in Spanish archives were used to infer changes in the circulation on the Pacific during the 17th and 18th centuries. The references to the Galleon included in this chronology have been checked against the documents used by García et al. [2001] . It has been found that eight of them (footnote a in Table 1 ) were referenced correctly, two (footnote b in Table 1 ) are not found in the previous work, and one (footnote c in Table 1 ) showed a dating problem with Selga. He dated this typhoon as occurring in 1603, whereas the documents kept in the Archivo de Indias in Spain (AGI Mex 25, N62) showed that it really happened in 1602. Thus, the references seem reasonably accurate.
[15] The British sources cited in the chronology have also been checked. Thus, we have examined the original reports of the ships Cygnet, Antelope, and Centurion cited in Table 1 . All of them used the term ''storm,'' which was only used for very severe wind conditions. The Centurion report also includes the term ''hard gales,'' which is comparable to Beaufort force 10 (about 50 knots) winds.
In the case of the Cygnet, the source describes the ship sailing under ''bare poles'' (with no sails at all), which was only done at Beaufort force 10 or higher. Thus, all three reports are compatible with typhoon strength winds.
[16] Starting around 1850, the reliability of the reports seems to increase. Most of the reports come from direct observations from the main observatory, the secondary Philippine network, and the associated observatories (more details are provided below); only in three cases are from documentary sources. In fact, during this last period, the descriptions become more systematic and start to include instrumental values, mostly barometer readings.
[17] Additional references can also be traced in the Spanish archives. Thus, the typhoon that occurred in 17-26 January 1895, and according to Selga destroyed the island of Yap, is described in a document of almost 400 pages in the Archivo Central de la Marina (ACM 3618, 79) in the Judicial Causes section. This document includes all the administrative actions and procedures taken by the Spanish military courts in affairs related to the damages produced by this typhoon.
Chronology
[18] The typhoon chronology constructed by Selga was originally published in 1935 by the Philippine Weather Bureau, under the title Catalogue of Typhoons 1348 -1934 as an addenda of the Charts of Remarkable Typhoons in the Philippines 1902 -1934. It has not been fully examined up to now [Bankoff, 2003] . A previous paper [Ribera et al. 2005] analyzed the most recent part of the chronology (1901 -1934) , which includes mostly direct instrumental observations made by the Manila Observatory and its associated network, acting as the Philippines' meteorological agency [Udías, 2003] . As shown below, the records for the period analyzed in this paper come mostly from historical reports, included in part C of Selga's catalogue, which is described by the author as ''. . .an abridged enumeration of the storms and typhoons as described by old chroniclers or described by contemporary documents.'' In practice, this really covers the period 1566 -1900 because there is only one reference to a typhoon prior to 1566. The information of this early typhoon, dated to 1348, comes from the diary of the classical Arab traveler Ibn Batuta, and it should be considered anecdotal. The catalogue is structured monthly, providing for every month a list of typhoons, ordered chronologically and with a report, which usually includes the dates of occurrence and the landfall point or the affected area. A total of 652 events are included; of them, 533 are reported as typhoons. For the rest, the term ''storm'' or ''depression'' is mostly used. In 606 cases (93% of the total), the identification includes complete dating (day, month, and year); for the rest, only month and year are provided. Thus, it is a high-resolution chronology. As a first step, a database with the complete chronology was built. It contains for every reported typhoon/storm information on date and landfall location. The complete textual description is also included. It can be freely obtained at http:// www.ucm.es/info/tropical.
[19] The nature of these reports varies considerably, depending on the date and the amount of available information. Thus, very succinct reports can be found, such as that corresponding to the typhoon of 1 -3 November 1893: ''A typhoon appeared to the SE of Manila and partially filled up, entering the Archipelago, continuing westward as a depression.'' On the other hand, there are very vivid and detailed reports, such as that from 1 November 1742. In a manuscript dated 1743 and written in Manila, we read the following account:
On All Saints' Day of the last year, 1742, we experienced such a storm as never before had been seen in Manila. It caused the greatest destruction to the churches and houses of the Society of Jesus. In our church, some arches were damaged. The big window of the choir with its frame was forced in; the rain rushed in and the church was so full of water that mass could not be said on some of the altars the next day. The corridors of many houses were destroyed, and in a word, there is scarcely a roof in Manila that is not damaged
The analysis of these reports allows one to infer the intensity of the event only in these very detailed reports, but not in a general way. Therefore in many cases, one needs to trust Selga's judgment. In some cases, the report is accompanied by instrumental observations.
[20] Table 2 shows all the cases for which instrumental observations are provided. It can be seen that the pressure readings vary between 749.3 mm Hg (on board of the ship named Scalesby Castle in September 1809) and 631.7 mm Hg (in Koshun, Formosa, in June 1898; Formosa is the old Portuguese name for Taiwan). Figure 1 shows their distribution according to the Saffir-Simpson Scale. To fit the intensity of TCs to Saffir-Simpson categories, we have used the minimum central pressure entry from the table contributed by Chris Landsea and available at http:// www.aoml.noaa.gov/hrd/tcfaq/D1.html. The interpretation of Figure 1 must be cautious; first, because the SaffirSimpson scale is of limited use in the western Pacific basin [Simpson and Riehl, 1981] , and second, because the reported pressure values do not correspond to the minimum associated with every particular TC, but to the measurements available in each case. However, it can be seen that all are within the range of tropical storms and hurricanes and can help in the process of assessing the intensity of every particular TC.
[21] Of the total 524 typhoons included in this chronology, the distribution is as follows: 4 correspond to the 16th century, 23 to the 17th, 35 to the 18th, 40 to the first half of the 19th, and 422 to the second half of the 19th. Figure 2 shows the annual frequency of the typhoons and typhoons + storms for the periods 1566 -1715 (Figure 2a) , 1716 -1865 (Figure 2b) , and 1866-1900 (Figure 2c ) identified in the whole western Pacific area. The first two periods are of identical length to simplify the display, but the last period is shorter because of the much more detailed record of typhoons compared to the previous periods. The annual Yumoto and Matsuura [2001] , between 1951 and 1999, the annual number of typhoons plus storms formed in the whole Western North Pacific (WNP) basis is about 28, and the number of typhoons (those storms with velocity higher than 33 m/s) is about 15. In recent years, if only those typhoons and storms crossing through the Philippines are counted, the mean annual numbers are reduced to about 5 typhoons and 10 storms plus typhoons. Thus, for the period prior to 1865, the chronology clearly underestimates the real frequency of typhoons in the western Pacific area.
[22] Therefore the Selga series has two different changes (one more evident in 1865 and a smaller one in 1880, only for typhoons making landfall in the Philippines). The explanation for the first and most important change seems to be the formal establishment of the Manila Observatory in 1865. This produced an increase and standardization of the observations, the development of a network of secondary observations covering most of the Philippine territory, and the interchange of information with other observatories of the area, such as Zikawei (near Shanghai and also run by the Jesuits), Hong Kong, or Japan. This can be corroborated in the chronology as an increase during this period of the references to locations outside the Philippines. Some examples help to demonstrate the point: thus the typhoon of 12-17 October 1889, which is cited as ''A typhoon appeared in the China Sea NW of Luzon, moved to WNW and entered the continent NE of Hong Kong.'' Similarly, for Figure 1 . Distribution of the typhoons intensity according to the Saffir -Simpson scale for those typhoons with instrumental measurements available (the Saffir-Simpson hurricane scale is a 1 -5 rating based on the hurricane's present intensity. It is mainly based in wind speed, and it is used to give an estimate of the potential property damage and flooding expected from a landfalling hurricane). 9 -16 September 1891, the citation reads: ''Appearing NE of Luzon, the typhoon, moving in a WNW direction, approached S Formosa and recurved to the NE; then it followed the coast of Japan bordering the Japan Sea and finally crossed Hokkaido to the ENE.''
[23] Table 2 also illustrates the effective working of the meteorological network in the Philippines and interchange with other observatories. Thus, of a total of 82 pressure readings, 7 came from Manila, 23 from the rest of the islands, 29 from other locations outside the islands, and, remarkably, 21 from different ships traveling in the area.
[24] However, the origin of Selga's sources suggests that the highest representativity of the chronology should be for typhoons making landfall in the Philippines. Figure 3 shows the annual frequency of the typhoons making landfall in the Philippines for 1866 -1900 and 1901 -1934 . There is a slight increase in the number of identified typhoons making landfall in the Philippines from the first to the second period. Therefore the average for the period 1866 -1900 is about 5.5 landfalling typhoons per year (dashed line in Figures 3a and 3b) . It is observed that the annual number of typhoons is lower than this value for almost all the period 1866 -1881 and higher, with the exception of only 3 years for the period 1880 -1900. Finally, it is interesting to notice that both numbers are slightly different than the annual mean number of typhoons reaching the Philippines per year obtained for the 1951 -1999 period with data from the ''Joint Typhoon Warning Center Best Track Data'' (Data from the ''Naval Pacific Meteorology and Oceanography Center'' (https://metoc. npmoc.navy.mil/jtwc/best_tracks/wpindex.html)). This could be due to the extension of the area reporting typhoons included in Selga's Chronology toward South China, Korea, and Japan, especially the data from the very late 19th century and the 20th century.
[25] The monthly distribution has also been computed for the four series. Figure 4 shows the relative frequencies for the Philippine landfalling typhoons extracted from the Selga Chronology in the period 1566 -1864 (S1) and 1865 -1900 (S2) , and from the ''Joint Typhoon Warning Center Best Track Data'' in the period 1951 -1999 (U1), as well as the monthly distribution of typhoons in the whole WNP area for this same period (U2). In order to permit a direct comparison among the four distributions, they have been normalized by dividing the number of typhoons in a given month by the total number of typhoons during the whole period. It can be seen that all of them show a minimum incidence in February; however, they peak at different months: September and October (S1 and U2), September (S2), and August (U1). A chi-square test shows that the monthly relative frequency distributions are significantly different (p < 0.05). It also shows that the discrepancy is due to three months (August, November, and December). If we remove them, there are no significant differences among the four series at p < 0.05. Additionally, when comparisons are performed two by two, it is observed that only S2 (1865 -1900) and U1 (instrumental, whole WNP area) show a statistically differ- D06108 GARCÍA-HERRERA ET AL.: NORTHWEST PACIFIC TYPHOONS, 1566 -1900 ent distribution (p < 0.05), and, once again, differences are mainly due to August, November, and December.
[26] The approximate trajectories of all the typhoons identified by Selga for different subperiods in the different months are shown in Figure 5 . They have been computed as ''best guess'' after applying a spline method using the available points for every storm. Some cases are well documented and have as much as seven different locations, whereas other cases have been documented only at one location.
Discussion
[27] Selga's Chronology is an invaluable starting point for obtaining a complete typhoon chronology in the Pacific. It provides high-resolution and reliable information on a total of 652 typhoons and tropical storms in the western Pacific area. It cannot be considered a complete chronology for the whole period, but the results of this paper suggest that since 1865, and especially since 1880, it provides a rather complete picture of the landfalling occurrences in the Philippines.
[28] The results for the previous sections suggest that, though incomplete, the series provides accurate information and exhibits similar variability to the present-day climatology, as evidenced in the monthly distribution. The series shows two main periods with no records of typhoons: 1568 -1589 and 1659 -1686. There is not enough information to properly evaluate if they correspond to a period of low typhoons incidence or if they just reflect the lack of appropriate records. However, the second interval partly coincides with a period when the location of the Pacific monsoon trough was inferred to be anomalous [García et al., 2001] , being displaced southward of its climatological location. Liu et al. [2001] showed an increased frequency of typhoons making landfall in the Guandong province of China for the second half of the 17th century. Therefore the lack of records during this second period could be reflecting a change in the TC trajectories in the western Pacific. However, this is a mere suggestion since the series cannot be considered as complete.
[29] The compilation of a complete TC chronology for the western Pacific would require a multidisciplinary approach, combining different techniques. For the historical period, an intensive search of the available documentary sources would be required. Previous works have identified archives with relevant sources, as is the case for the Chinese coast [Liu et al., 2001] . In Spain, a number of archives have been identified. Apart from the local archives in the Philippines, a number of Spanish archives contain abundant information on the Spanish colonial administration in the islands. The most relevant of these are Archivo General de Indias, Archivo del Museo Naval, Archivo Central de la Marina, and Archivo Histórico Nacional. The combined use of these and additional sources will allow to continue the pioneering work made by Selga. and the Philippines. It was founded in the late 18th century, during the reign of Carlos III, who decided to join scattered collections of documents, as well as material previously stored in the National Archive at Simancas, in Valladolid. He chose the Lonja de Mercaderes (Merchants' Meeting House) of Seville to house the new collection. The building had served previously as headquarters of the commercial and administrative activities between Spain and the New World during the 17th and early 18th centuries. The collection now contains over 80 million pages of original writings, encompassing all aspects of military, commercial, and cultural relations between Spain and its American colonies. It is divided into sections, according to their administrative origin, and roughly corresponds to former units of the Spanish administration, such as Justicia (Justice), which contains most of the records from the different courts or Contaduría (Account), dealing with the financial administration documents. García et al.'s [2001] Table 1 shows the current organization of the AGI, together with the number of ''legajos,'' or manuscript bundles, contained in each section and the range of dates covered. Each legajo consists of a group of related documents and averages some 1500 -2000 manuscript pages.
[31] The Archivo del Museo Naval (Archive of the Naval Museum, AMN, http://www.museonavalmadrid.com/ Archivo) is a military archive, the main historical archive of the Spanish Navy. It was created in 1930 collecting in the museum the manuscripts and maps from the previous Depósito Hidrográfico (Hydrographic Deposit) that had been receiving logbooks and reports from different naval missions and expeditions since the end of the 18th century. Then it was completed with documents from other collections, such as the Real Compañía de Guardamarinas (Royal Company of Navy Cadets). The oldest documents are dated in the 10th century, but most of the collections correspond to the 18th and 19th centuries.
[32] The organization of the archives, according to administrative criteria, makes the search of climatic information a complex task since, usually, several sections must be searched in order to abstract all the evidences from a certain area and period of time.
